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The North American porcupine (Erethizon dorsatum) has continually been a species of low 
priority for research and conservation efforts in the western United States. While many 
porcupine populations have been studied in North America, little to no research has been done on 
porcupines in western Montana or habitats of similar composition. More recently it has been 
noted that porcupine sightings have become rare in western Montana is areas where sightings 
were once common. Due to the overall lack of information about western porcupine populations 
it is imperative to gather basic natural history information in order to make informed 
management decisions. This study strives to quantify home range and hierarchical habitat 
selection at the second, third, and fourth order, while noting both mortality and reproductive 
rates.  
 
  Second and third order habitat selection was analyzed by estimating resource selection 
functions using multiple logistic regression with a logit link, where matched case-control logistic 
regression with a logit link was used at the fourth order. Akaike’s Information Criterion for small 
sample size was used as a measure of goodness-of-fit to select between alternative models. 
Model evaluation at each scale was performed using k-folds cross validation. Public response to 
a sighting survey distributed throughout western Montana was used to quantify use points at the 
second order. Individual locations of twelve radio-collared porcupines were used to quantify use 
points at the third order and fourth order. Fourth order habitat selection was analyzed in three 
groups to isolate the influence of each group on selection. The groups are as follows: stand 
structure, dominant stand species, and species utilized.  Home ranges were calculated using 
kernel density estimators (the 99% percentile) and minimum convex polygons. Mortality rates 
were estimated using Kaplan-Meier staggered entry methods. Reproductive rates were estimated 
as the proportion of marked females known to have reproduced. 
 
  At the second order the top model showed porcupines avoided habitats dominated by grasslands 
as well as higher elevations. This model also showed porcupines selected for habitats dominated 
by mixed forests, pasture, wooded wetlands, and herbaceous wetlands. At the third order the top 
model showed avoidance of habitats that were further from permanent water sources, while it 
showed selection for habitats that were dominated by wooded and herbaceous wetlands. At the 
fourth order the top model showed selection for deciduous species (hawthorn, cottonwood, and 
willow). In contrast to some previous research porcupines were found highly selective across all 
scales as would be expected from a specialist species. There is evidence to suggest that this 
population is limited by the availability of lower elevation riparian areas and deciduous 
communities.  
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CHAPTER 1:  
 
Porcupine sighting declines in western Montana 
 
INTRODUCTION 
 
The second largest rodent in North America and the only mammal in North America that 
uses quills to deter its predators is the North American porcupine (Sweitzer 1996).  The 
porcupine has a large and diverse geographical range extending from northern Mexico northward 
into Alaska, including more than one third of North America and all forested regions of Canada 
(Dodge, 1967; Smith 1979, 1982). Porcupines are strict herbivores feeding on grasses and forbs 
in the spring and summer to bark and woody shrubs during the fall and winter. Often porcupines 
are considered to be generalists at the species level while specializing within individual 
populations (Snyder and Linhart 1997; Sweitzer 1996).   
Throughout much of the North American porcupine’s (Erethizon dorsatum) recent 
history it has been regarded merely as a pest infamously known for its ability to cause economic 
damage (Curtis 1941; Cook and Hamilton 1957; Faulkner and Dodge 1962; Krefting et al. 1962). 
Control programs used many tools to limit their populations including trapping, shooting, and 
poisoning.  Poisoning campaigns approved by state agencies were carried out through the 1960’s 
by private timber companies as well as federal agencies including the Forest Service [Montana 
Department of Fish Wildlife and Parks (MFWP), personal communication]. Although large scale 
poisoning campaigns are no longer used in western Montana, private landowners often control 
for porcupines on a smaller scale. Despite the attitudes toward porcupines, populations have until 
recently done well in western Montana leading to large populations and making sightings a 
common occurrence (MFWP personal communication). 
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The porcupine has continually been a species of low priority for research and 
conservation efforts in the western United States. Although some populations of porcupines have 
been studied in North America, little to no research has been done on porcupines in western 
Montana or habitats of similar composition.  Much of the descriptive research that has been 
conducted on porcupines has focused on vegetation types that differ greatly from those that are 
used by porcupines in western Montana.  The bulk of these studies have been conducted in 
deciduous or scrubland habitats (Griesemer et al. 1996, 1998; Roze 1984, 1989; Sweitzer and 
Berger 1992).  The handful of studies that have focused on porcupines in habitats similar to that 
in western Montana have focused on quantifying the economic effects of porcupines to the 
timber industry (Curtis 1941; Faulkner and Dodge 1962; Krefting et al.1962). 
Recently MFWP biologists have noted that porcupine sightings have declined in western 
Montana. Similar observations have been made by biologists across the western United States 
and in British Columbia (Jim Williams, MFWP, personal communication).  Such declines have 
been particularly noticeable in higher elevation forested habitats where few records of 
occurrence are now available.  Unfortunately due to the lack of descriptive population studies on 
porcupines in Montana or similar habitats little is known about the current population of interest. 
Porcupine populations are in need of management as reductions in sightings may indicate 
declines. When management for low priority species becomes necessary we often are at a 
disadvantage due to our information deficit as a result of their low research priority. Due to the 
lack of information surrounding these potential declines the objective of this study was to record 
the occurrence of porcupine sightings across western Montana. The record of public porcupine 
sightings across western Montana will contribute to anecdotal information suggesting population 
declines. 
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METHODS 
Study Area 
 
 The public survey was distributed across western Montana, which we defined as MFWP 
regions 1, 2, and 3 (Fig. 1). This area is bordered to the north by British Columbia and Alberta, 
Canada and to the south and west by the states of Idaho and Wyoming. This study site 
encompasses a large area (380,530 km
2
) and in turn is composed of a very diverse array of 
vegetation types. The diversity of vegetation types within this site includes alpine and subalpine 
communities, pine forests, deciduous riparian communities, as well as grassland communities. 
Precipitation in this area varies widely with the lower valley bottoms receiving only 
approximately 41 cm and the mountain ranges receiving up to 245 cm. 
 
Figure 1. Montana Fish, Wildlife and Parks regions. Second order resource selection study was 
conducted in regions 1, 2, and 3 as well as Glacier National Park. Image courtesy of MFWP. 
 
Public Survey 
Public surveys were used to collect information on porcupine sightings across western 
Montana during the summer of 2006 (Quinn 1995; Carroll et al. 1999). Surveys requesting 
reports of porcupine sightings or activity were distributed to portions of the public that may have 
had a greater likelihood of observing these individuals including biologists, foresters, wildlife 
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technicians, and veterinarians (Appendix A).  Surveys were also distributed to local businesses in 
the study area in order to gather reports from the general public. Additional requests for reports 
of porcupine sightings and activity were published in Montana Outdoors September/October 
2006 and The Ravalli Republic February 23, 2007 (Appendix B).   
Sightings were only included if they had occurred on or after 1996. The reliability of each 
location was confirmed and any results that were not reliable were excluded. For example often 
multiple reports would be made on the same animal, specifically on road mortality sightings. In 
these cases only one sighting was included in the dataset and the additional sightings were 
excluded. Sightings whose exact location could not be identified were also excluded from the 
dataset. Locations were only included in the dataset from first person accounts to ensure 
accuracy of the report. 
RESULTS 
 One hundred and eighty three sighting surveys were returned and substantiated.  Zero 
surveys were returned reporting porcupine sightings or activities at higher elevations (>1300m). 
Several returned surveys reported a reduced number of sightings in areas that historically had 
frequent sightings.   
DISCUSSION 
 Results from this survey support anecdotal observations of porcupine sighting reductions 
made by MFWP biologists. These survey results also support anecdotal observations that the 
largest portion of porcupine sightings have been reduced at higher elevations. These observations 
provide additional support that populations in the higher elevations of western Montana may be 
in decline. Results from this survey also support the need for additional research into sighting 
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declines. I suggest that further research aim to quantify population growth rates to substantiate 
population declines. 
Future Recommendations 
 I suggest that state agencies begin to offer public education about the reduced frequency 
of porcupine sightings in western Montana. I believe that education would be well received 
throughout the state of Montana and could potentially reduce the number of incidental porcupine 
take. Additionally it would be advantageous to the current porcupine population if programs 
were offered to the public to mitigate the damage porcupines can cause on private lands. 
Removal of problem porcupines or providing flashing for targeted trees could strongly reduce 
the number of porcupines that are killed by the public every year. I have found a strong public 
interest in porcupine populations and feel there would be a positive public reaction from the 
implementation of such programs.  
THESIS STRUCTURE 
 Due to the lack of information on porcupine populations in western Montana the research 
surrounding sighting declines had to first establish baseline population information. The 
following research, presented in chapter two, focuses on the habitat selection of these 
populations. The underlining goal of this research is to build a foundation of knowledge that will 
assist future conservation and research efforts.  
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CHAPTER 2: 
Porcupine habitat selection in western Montana 
INTRODUCTION 
Throughout much of the North American porcupine’s (Erethizon dorsatum) recent 
history it has been regarded merely as a pest infamously known for its ability to cause economic 
damage (Curtis 1941; Cook and Hamilton 1957; Faulkner and Dodge 1962; Krefting et al. 1962). 
Control programs used many tools to limit their populations including trapping, shooting, and 
poisoning.  Poisoning campaigns approved by state agencies were carried out through the 1960’s 
by private timber companies as well as federal agencies including the Forest Service [Montana 
Department of Fish Wildlife and Parks (MFWP), personal communication]. Although large scale 
poisoning campaigns are no longer used in western Montana, private landowners often control 
for porcupines on a smaller scale. Despite the attitudes toward porcupines, populations have 
historically done well in western Montana leading to large populations and making sightings a 
common occurrence (MFWP personal communication). 
The North American porcupine is the second largest rodent in North America next to the 
beaver (Castor canadensis) and is the only mammal in North America that uses quills to deter its 
predators (Sweitzer 1996).  The geographical range of the porcupine encompasses many 
different vegetation types and varies widely extending from northern Mexico northward into 
Alaska, including more than one third of North America and all forested regions of Canada 
(Dodge 1967; Smith 1979, 1982). Porcupines exhibit seasonal foraging shifts from grasses and 
forbs in the spring and summer to bark and woody shrubs during the fall and winter and are often 
considered to be generalists at the species level while specializing within individual populations 
(Snyder and Linhart 1997; Sweitzer 1996).   
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The porcupine has continually been a species of low priority for research and 
conservation efforts in the western United States. Although some populations of porcupines have 
been studied in North America, little to no research has been done on porcupines in western 
Montana or habitats of similar composition.  Much of the descriptive research that has been 
conducted on porcupines has focused on vegetation types that differ greatly from those that are 
used by porcupines in western Montana.  The bulk of these studies have been conducted in 
deciduous or scrubland habitats (Griesemer et al. 1996, 1998; Roze 1984, 1987; Sweitzer and 
Berger 1992).  The handful of studies that have focused on porcupines in habitats similar to that 
in western Montana have focused on quantifying the economic effects of porcupines to the 
timber industry (Curtis 1941; Faulkner and Dodge 1962; Krefting et al.1962). 
Hierarchical habitat selection is important to consider when studying resource selection 
of wildlife populations because more often than not selection observed at one scale is often 
different to the selection observed at another scale. For example habitats that make for good 
shelter maybe be selected for at the third order but those same habitats may not necessarily be 
selected at the fourth order because they are not selected in foraging. Scale can influence the 
strength of habitat associations (Boyce 2006). Habitat selection is defined as the use of a habitat 
disproportionately to its availability, which Johnson (1980) ordered through spatial scales of 
selection (Morin et al. 2005). First order selection is the geographic range over which one 
species spans. Second order resource selection is that which drives the selection of an 
individual’s home range within a landscape. Third order selection is that which drives the 
selection of habitat components within the individual’s home range, while fourth order selection 
is that which drives the selection of habitat for forage. Habitat selection also effects individual 
fitness as habitat provides the resources and environmental conditions that determine the fitness 
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of a population (Rettie and Messier 2000). Individuals or populations will select resources as a 
response to limiting factors (Dussault et al. 2005). Limiting factors are defined as the factors that 
are likely to influence the fitness of an individual within a population (Dussault et al. 2005). 
Limiting factors of large importance should influence selection at a large scale while limiting 
factors of less importance should influence selection at a smaller scale (Rettie and Messier 
2000). Identification of limiting factors is essential to understand population dynamics, and may 
provide insights to important habitat components for porcupine populations. 
The majority of porcupine habitat selection research has been conducted at the third 
order, or within home range scale. In Wyoming, Band (1996) found selection at the third order to 
be driven by the presence of deciduous tree species as well as canopy and hiding cover. Smith 
(1982) in the Oregon Umatilla National Forest found selection at the third order to be driven by 
the presence of mixed conifer and pine grass species. In Massachusetts Griesemer et al. (1998) 
found no selection at the third order. Morin et al. (2005) analyzed porcupine selection at the 
second, third, and fourth order. They found no selection at the second order and selection for 
aspen and mixed forest tree species at the third order. They found porcupines to be selective for 
aspen and fruit trees at the fourth order. 
Traditionally porcupines have been considered a generalist species at the species level 
lacking detectable preferences made among available forage species (Roze 1989; Snyder and 
Linhart 1997). It is thought that porcupines may become selective within populations of host 
plants but it may be difficult to detect due to their ability to forage on other species 
simultaneously (Snyder and Linhart 1997). An example of this is the porcupines’ tendency to 
feed primarily on pine species in the winter months when few forage species are available 
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(Snyder and Linhart 1997). Although porcupines have been traditionally considered a generalist 
they have shown some selection at finer scales (Smith 1982; Band 1996; Morin et al. 2005).  
 This study analyzes porcupine habitat selection hierarchically at the second, third, and 
fourth order in western Montana. This analysis allows us to conduct a multi-scale test of 
alternative hypotheses; in the literature of whether porcupines are specialists (Band 1996, Smith 
1982, Sweitzer and Berger 1992) or generalists (Griesemer et al. 1998, Morin et al. 2005) and to 
identify important habitat factors for porcupines in western Montana.  I predict that selection will 
not be detected at the second order (the largest scale analyzed) and porcupines will exhibit 
generalist tendencies at this scale, consistent with Morin et al. (2005).  I predict that selection 
will be detected at the third and fourth orders with selection for deciduous communities driving 
selection (Band 1996, Smith 1982, Sweitzer and Berger 1992). I predict that these results will 
show porcupines to be generalists at large scales (population level) and specialists at finer scales 
(individual level) as has been reported in previous studies (Morin et al. 2005). Analysis of habitat 
selection will also allow for the identification of limiting factors affecting the fitness of this 
population. I will assume that limiting factors influencing selection at a larger scale will have 
more influence on the fitness of the population while limiting factors at a finer scale will have 
less of an impact (Dussault et al. 2005, Rettie and Messier 2000). I also predict that there will be 
no limiting factors detected at the second order.  I predict that the presence of deciduous 
communities will be a limiting factor for porcupines at the third and fourth order.   
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METHODS 
 
Study Area 
 
 The second order portion of the study was conducted across western Montana, which we 
defined as MFWP regions 1, 2, and 3 (Fig. 1). This area is bordered to the north by British 
Columbia and Alberta, Canada and to the south and west by the states of Idaho and Wyoming. 
This study site encompasses a large area (380,530 km
2
) and in turn is composed of a very diverse 
array of vegetation types. The diversity of vegetation types within this site includes alpine and 
subalpine communities, pine forests, deciduous riparian communities, as well as grassland 
communities. Precipitation in this area varies widely with the lower valley bottoms receiving 
only approximately 41 cm and the mountain ranges receiving up to 245 cm. 
 
Figure 1. Montana Fish, Wildlife and Parks regions. Second order resource selection study was 
conducted in regions 1, 2, and 3 as well as Glacier National Park. Image courtesy of MFWP. 
 
The third and fourth order portion of the study took place within the Bitterroot valley, 
which is bordered to the west by the Selway-Bitterroot Wilderness and to the east by the 
Sapphire Mountains and Anaconda-Pintler Wilderness. The valley floor is bisected by the 
Bitterroot River flowing northward through the valley. Agriculture is the dominant land use in 
the Bitterroot valley although development is increasingly encroaching on agricultural lands. All 
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porcupines in this study were observed on federally and privately administrated lands with a total 
area of 23 km
2
. Lee Metcalf National Wildlife Refuge is located along the Bitterroot River 
approximately two miles north of Stevensville, Montana. The 11 km
2
 that make up the refuge 
were set aside in 1963 with the goal of providing habitat for migrating birds. This site is located 
at approximately 1,000 m in elevation and has an approximate annual precipitation of 30 cm. 
This area has a diversity of vegetation types including wetlands, uplands, and forested river 
bottoms of ponderosa pine (Pinus ponderosa) and black cottonwood (Populus trichocarpa).  
Public Survey 
To quantify second order selection of porcupines in such a large area (MFWP regions 1, 
2, and 3) I used public surveys to gather porcupine sighting locations during the summer of 2006 
(Quinn 1995; Carroll et al. 1999). Surveys requesting reports of porcupine sightings or activity 
were distributed to portions of the public that may have had a greater likelihood of observing 
these individuals including biologists, foresters, wildlife technicians, and veterinarians 
(Appendix A).  Surveys were also distributed to local businesses in the study area in order to 
gather reports from the general public. Additional requests for reports of porcupine sightings and 
activity were published in Montana Outdoors September/October 2006 and The Ravalli Republic 
February 23, 2007 (Appendix B).   
Sightings were only included if they had occurred on or after 1996. The reliability of each 
location was confirmed and any results that were not reliable were excluded. For example often 
multiple reports would be made on the same animal, specifically on road mortality sightings. In 
these cases only one sighting was included in the dataset and the additional sightings were 
excluded. Sightings whose exact location could not be identified were also excluded from the 
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dataset. Locations were only included in the dataset from first person accounts to ensure 
accuracy of the report. 
Porcupine Handling, Marking and Telemetry 
Individuals were trapped opportunistically through the spring and summers of 2007 and 
2008. Adults were identified visually by the appearance of tawny tipping on their guard hairs 
which juveniles lack. Traps were only set during the evening hours and were checked at dawn to 
minimize the time the individual spent in the trap.  Traps were not set unless the weather was 
favorable and precipitation was not imminent.  
 Live trapped individuals were captured by fencing the base of the inhabited tree forcing 
the individual who had come down into a hole cut in the fencing to which a Havahart double 
door live-trap (91.4x27.9x27.9cm; Woodstream Corporation) was attached (Fig. 2) (Alaska Fish 
and Game personnel communication). The upper 61 cm of the fencing was fitted with flashing to 
prevent individuals from crawling over the top of the fencing. Hand capture methods were used 
where individuals were not roosting in trees and were either in shallow dens or in low shrubs. In 
these instances welding gloves were used to grab the underside of the base of the individual’s 
tail. The porcupine was then lifted out of the shrub or den and directed into a live trap for further 
handling.  
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Figure 2. Porcupine trap set in Lee Metcalf National Wildlife Refuge for application of radio 
collars during the summers of 2007 and 2008. 
 
Porcupines were immobilized using a mixture of ketamine hydrochloride (KH) (5mg/kg) 
and xylazine hydrochloride (XH) (2mg/kg) delivered via hand injection (Morin and Berteaux 
2003).  Prior to immobilization individuals were weighed in the trap to adjust the dose to their 
mass.  These drugs were administered via intramuscular injection in the muscles at the base of 
the tail between the spinal column and the edge of the tail.  We used an additional half dose of 
KH fifteen minutes after the initial injection if the individual had not become safe to handle and 
had not lost the righting reflex.  These immobilization methods are similar to those used by 
Morin and Berteaux (2003).  Vital rates including pulse, respiration rate, and body temperature 
were monitored while the individuals were immobilized to ensure successful immobilization. 
Protocols followed were approved by The University of Montana Animal Care and Use 
Committee (IACUC# 005-07KFDBS-031307).  Once the animal became safe to handle it was 
fitted with a specialized VHF radio-collar designed for porcupines (AVM Instrument Co., 
Colfax, CA).  Gender was determined by palpating the genital area to expose the penis (Dodge 
1967).  Animals were released at the point of capture after they had been given sufficient amount 
of time in the trap to recover from the immobilization. 
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Radio-collared porcupines were located no more than once every twenty four hours to 
minimize the effects of autocorrelation between individual locations (Morin et al. 2005).  
Locations were taken on a rotating diurnal schedule during day and night (Morin et al. 2005).  
The VHF signal was followed to the individual until a visual observation was obtained, and 
UTM coordinates were recorded using a handheld GPS device (Magellan, San Dimas, CA).  
Stand-level attributes were determined by surveying a 20m radius plot centered on the 
location of the individual.  The characteristics that were inventoried included: elevation, canopy 
cover, dominant tree species, and understory vegetation height (3, 5, and 15 m from center in 4 
cardinal directions).  Percent vegetation cover was quantified by ocular estimates of 1m plots 
within the 20m radius plot (3, 5 and 15 m from center in 4 cardinal directions). For each location 
plot a random location plot was assigned.  Random plots were selected by traveling a randomly 
chosen azimuth 250m from the use plot.  The same stand-level attributes as described above 
were recorded within these random plots. 
Habitat Selection Modeling 
 
A resource selection function (RSF) is defined as any function proportional to the 
probability of use of a resource (Manly et al. 2002).  This assumes that the probability of 
selecting a used location from all of the used locations is known; this probability is then used to 
estimate the constant in the logistic regression equation (Manly et al. 2002). Since this data was 
collected through either the distribution of sighting surveys or VHF telemetry it was not possible 
to quantify each and every used location which resulted in the inaccurate estimation of the 
constant. In order to remedy this, the constant is left out of the function and the resulting RSF 
equation is composed of the explanatory variables and their coefficients only. As a result, the 
predictive values from the model no longer represent a true probability of use but instead are a 
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relative probability of use which can be used to rank selection (Manly et al. 2002). Habitat 
selection of porcupine was analyzed hierarchically at the second, third and fourth order. At each 
of these scales of selection the following methods were applied with slight variations described 
further in the text. Resource selection functions were estimated for these study sites using 
multiple logistic regression with a logit link at the second and third order (Boyce and McDonald 
1999). Matched case-control logistic regression with a logit link was used at the fourth order 
(Compton et al. 2002). All statistical analyses were performed using the statistical package 
Stata10 (StataCorp 2007).  
A set of candidate models was developed a priori based on review of the porcupine 
literature as well as on-the-ground observations. RSF’s were generated for each candidate model. 
We used Akaike’s Information Criterion for small sample size (AICc ) as a measure of goodness-
of-fit to select between all alternative models (Burnham and Anderson 1998). The use of AICc 
allows us to analyze which of several alternative models best explains the data (Burnham and 
Anderson 1998). AIC c allows us to identify the model that best explains the variation in the data 
with the fewest parameters (Burnham and Anderson 1998). AICc values for each model were 
calculated to assess the fit and parsimony of each model. All models with a ∆AICc < 2 were 
considered top models. At the second and third order, top models were additionally analyzed 
with a reduced number of available points in order to explore the effect of a large number of 
generated available points on the resulting models. The top model was used in ArcGis 9.2 (ESRI 
2006) to generate spatial predictions of the study site where areas with high resource selection 
values were depicted in warm colors and areas with low resource selection values were depicted 
in cool colors. 
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Model evaluation at each scale was performed using k-folds cross validation to quantify 
our ability to predict selection of other individuals (Boyce et al. 2002). Datasets were randomly 
divided into five equal sets. RSF models were then constructed using 80% of the dataset as a 
training set and withholding 20% of the dataset to use as a test set. The random locations were 
then ranked based on RSF score calculated from the estimated model, and then binned into ten 
groups equally. Using the test set the number of locations that fell into each bin was then tallied. 
Spearman rank correlations were calculated between the frequency of the test set locations and 
the bin number (Boyce et al. 2002). This was repeated five times using each 20% as a test set 
once. Spearman rank correlations were then averaged across the five groups. 
Habitat Covariates 
Through a review of porcupine habitat selection literature as well as on-the-ground 
observations potential explanatory habitat variables for resource selection function modeling was 
generated and compiled in ArcGis 9.2 (Table 1). Habitat variables were extracted from USGS 
National Land Cover Dataset at 30m (United States Department of the Interior 2001). Elevation 
was extracted from USGS National Elevation Dataset for Montana at 30m (United States 
Department of the Interior 2002). Distance to water variable was quantified from the USFWS 
National Wetlands Inventory (2007).  Collinearity of covariates was tested through the analysis 
of pairwise correlations as well as variance inflation factors (VIF) (Craney and Surles 2002).  
Any variables which had a pairwise correlation greater than 0.3 or a mean VIF of greater than 
approximately one were excluded from any further analysis. All explanatory variables were 
standardized to allow for ranking of covariate influence on selection. 
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Table 1. Descriptions of variables extracted from GIS to assess second, third, and fourth order 
resource selection of porcupine, western Montana, 2007-2008. All data have a 30 m X 30 m 
pixel resolution. 
 
Variable   Order   Description 
 
DISTHWY   2
nd
  Distance to nearest highway (m) 
DEM    2
nd
  Elevation (m) 
WATER   2
nd
  Open Water 
MIXFOR   2
nd
  Mixed forest 
GRASS   2
nd
  Grasslands/herbaceous 
SHRUB   2
nd
/3
rd
  Shrubland 
PASTURE   2
nd
/3
rd
  Pasture/hay 
WOOD_WET   2
nd
/3
rd
   Woody wetlands 
HERB_WET   2
nd
/3
rd
  Emergent herbaceous wetlands 
GREEN   3
rd
  Evergreen 
FALLOW   3
rd
  Fallow 
DIST_WA   3
rd
  Distance to nearest water (m) 
ALDER   4
th
   Alnus viridis (green alder) 
WILLOW   4
th
   Salix (willow) 
PINE    4
th
   Pinus ponderosa (ponderosa pine) 
ASPEN   4
th  
 Populus tremuloides (quaking aspen) 
HAW    4
th
   Crataegus (Hawthorn)  
COTTON   4
th
   Populus balsamifera (Black Cottonwood) 
CANOPY   4
th  
Canopy cover (%) 
VEG    4
th
  Average understory vegetation height (cm) 
GROUND   4
th
   Understory ground cover (%) 
 
Second Order Resource Selection 
The effects of convenience sampling on the second order sighting survey were mediated 
through several measures. Due to the sampling scheme, it was assumed that higher numbers of 
porcupine sightings would be found in areas with higher human densities. To control for this a 
distance to highways variable representing higher human densities in areas closer to highways 
was created. This variable was included in all second order models to control for the effect of 
human density. This variable was not included in the predictive mapping because it was not 
expected to drive porcupine selection. The distance to highway variable was only included in the 
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models to keep the effects of high human densities in convenience sampling constant on other 
variables included in the models. A second approach to mediate the effects of human density on 
the dataset each of the top models selected through AICc model selection was to use only the 
sightings that occurred in the top half of the total elevation gradient (elevation > 1330m) to check 
for changes in the direction of selection of the covariates. Locations that occurred in higher 
elevations will be influenced less by human density since we assume those locations to have the 
lowest human density. 
Random locations were generated in ArcGIS 9.2 within the study area and classified as 
available points to provide a sample of available habitat (n=5000). Second order resource 
selection for porcupines was analyzed by comparing the habitat used by porcupines to the habitat 
that is available to them to generate a RSF.  The top models were analyzed with a reduced 
number of available points to examine the effect of sample size. No  main effect was found with 
varying sample sizes and thus 5000 available points were used in the top models.  
Third Order Resource Selection 
Kernel density estimators (the 99% percentile of locations) were used to generate home 
ranges for each porcupine (Worton 1989). Due to the small size of porcupine home ranges which 
often contain many locations which are close to each other, least squares cross validation 
methods of determining a smoothing factor were not applicable (Hemson et al. 2005). Therefore, 
a smoothing factor was selected through trial and error resulting in the use of one that was the 
most biologically meaningful. Kernel home ranges were generated using Hawth’s Analysis Tools 
v3.27 for ArcGis (Beyer 2004). Home ranges were also calculated with minimum convex 
polygons in order to compare the results to existing research. 
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Classic methods in resource selection modeling assume independence between 
observations (Manly et al. 2002). This is often not the case, however, when gathering ecological 
data through radio-telemetry where each location is correlated in some way to the location before 
it (Otis and White 1999). Mixed-effects modeling was used at the third order to mediate the 
effects of psuedoreplication of locations within individual porcupines as well as the effects of the 
difference in total number of locations between porcupines (Gillies et al. 2006). A random 
intercept was generated for each individual porcupine to quantify this variation. Random effect 
covariates were not included due to the lack in variation between individual covariates 
(Hebblewhite, unpublished data). Top models were analyzed with 11,300, 10,000, 5,000, and 
1,000 available points to explore the effect of the generation of large numbers of available points 
on the resulting models.  
Fourth Order Resource Selection 
Radio-telemetry locations were analyzed in a matched case-control framework to test the 
selection of microhabitat by porcupines conditional on the fact that there were porcupines 
present (Compton et al. 2002). Matched cased-control logistic regression was used at the fourth 
order scale for several reasons. Porcupines are a species with limited mobility that tends to 
remain in a fairly small home range area for most of their lives. Due to this limited mobility, 
measuring resource availability at the same spatial and temporal scale as the used locations 
allows for more accurate modeling at such a fine scale (Compton et al. 2002). Matched case-
control logistic regression also allows for analysis of microhabitat characteristics that are often 
unable to be mapped at this point in time, such as understory vegetation height (Compton et al. 
2002). 
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Mixed-effects modeling was not used in analyzing fourth-order selection for several 
reasons. Current applications of mixed effects modeling to a matched case-control framework do 
not exist because matched case-control does not include an intercept (Hosmer and Lemeshow 
2000). Additionally, examination of the variation between individual’s coefficients showed little 
variation. Due to the lack of variation there was really no need for inclusion of random effect 
covariates in the modeling of this system.  
Radio-telemetry locations were pooled and classified as a used location to provide a 
sample of used habitat. Random locations that had been located in the field by walking 250m, the 
average daily movement of a porcupine, in a random direction from a used point were classified 
as available points to provide a sample of available habitat. Each individual porcupine location 
was then matched with its corresponding random location. 
RESULTS 
Second Order Resource Selection 
 Second order selection patterns were analyzed using the 183 sighting surveys that were 
returned from the public. These survey results were used to generate ten RSF models to represent 
porcupine selection at the second order (Table 2). The most parsimonious second order RSF 
model included six habitat variables and a distance to highway term included to keep the effects 
of convenience sampling constant (Table 3). This model showed strong predictive capacity with 
a Spearman rank correlation of 0.76 (SE=0.06) across five cross-validation samples (Fig. 3). The 
relative probability of porcupine use decreased as elevation increased across the study area  
(β=-0.28, SE=0.099). The relative probability of porcupine use was positive in areas dominated 
by herbaceous and woody wetlands (β=0.10, SE=0.033, β=0.10, SE=0.034 respectively). The 
relative probability of porcupine use was also positive in areas dominated by mixed forests as 
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well as pastured areas (β=0.06, SE=0.045, β=0.08, SE=0.050 respectively). The relative 
probability of porcupine use was negative in areas dominated by grassland (β=-0.20, SE=0.093). 
As the distance from highways increases the relative probability of porcupine use decreases (β= 
-1.54. SE=0.099), although this variable was included in all models only to keep the effects of 
convenience sampling constant. The effect of each standardized habitat covariate on selection is 
ranked as follows: elevation, grasslands, herbaceous wetlands, woody wetlands, pasture, and 
mixed forest. Relative probability of use across the landscape was generated using this model 
controlling for the effect of elevation (Fig. 4). 
Table 2. Change in Akaike’s Information Criterion scores (∆AICc), AICc weights (w), and 
number of model parameters for a priori models developed for porcupine of western Montana 
during the summer or 2007 and 2008 at the second order. 
 
Model         k ∆AICc  AICcw   
 
DEM+DISTHWY+MIXFOR+PASTURE+WOOD_WET+HERB_WET+GRASS  7        0  0.50 
 
DEM+DISTHWY+MIXFOR+SHRUB+GRASS+PASTURE+WOOD_WET   9       1.67  0.22 
+HERB_WET+WATER         
 
DEM+DISTHWY+MIXFOR+PASTURE+WOOD_WET+HERB_WET   6        3.28  0.10 
 
DEM+DISTHWY+MIXFOR+WOOD_WET     4        3.99  0.07 
 
DEM+DISTHWY+MIXFOR+SHRUB+PASTURE+WOOD_WET+HERB_WET  7        4.75  0.05 
 
DEM+DISTHWY+MIXFOR+WOOD_WET+HERB_WET    5        4.77  0.05 
 
DEM+DISTHWY+MIXFOR+SHRUB+PASTURE+WOOD_WET+HERB_WET+WATER 8        6.34  0.02 
 
DEM+DISTHWY+MIXFOR+PASTURE+WOOD_WET    5        9.60  0.00 
 
DEM+DISTHWY+MIXFOR+SHRUB+PASTURE+WOOD_WET   6       10.87  0.00 
 
DEM+DISTHWY        2      14.19  0.00 
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Table 3. Coefficients, standard errors, pseudo r2, Spearman’s rank correlation (Rho) and its 
standard error for the most parsimonious resource selection function for porcupine selection in 
western Montana during the summer of 2007 and 2008 at the second order. 
 
 
Variable  β coefficient  SE     Pseudo r
2 
    Rho  SE 
  
DEM   -0.26   0.099  0.133  0.755  0.059  
DISTHWY  -1.54   0.201 
MIXFOR  0.06   0.045 
PASTURE  0.08   0.050 
WOOD_WET  0.10   0.034 
HERB_WET  0.10   0.033 
GRASS   -0.20   0.093 
 
 
 
 
                                                           
 
Figure 3. Area adjusted frequency of categories (bins) of resource selection function scores of 
withheld porcupine locations for second order resource selection function for western Montana 
during the summer of 2007 and 2008. Values for individual cross-validation sets (n=5) are 
depicted with unique colors and symbols. A Spearman rank correlation for mean values 
(0.76+0.059) indicates the model predicted cross-validated use locations well. 
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Figure 4. Relative predicted probability of occurrence of porcupine in western Montana during 
the summer of 2007 and 2008. These relative probabilites are based on second order resource 
selection functions. 
 
Third Order Resource Selection 
A total of 12 (4M, 8F) porcupines were captured and subsequently collared during the 
2007 and 2008 field resulting in 365 locations. An additional 3 (1M, 2F) porcupines were 
trapped and collared during this time period but due to difficulties encountered collaring such a 
unique animal these collars were dropped.  Three hundred and sixty four telemetry locations 
were collected on the 12 collared porcupines.  
 Third order selection was analyzed within the 99% fixed kernel home ranges from 12 
porcupines (4M, 8F). The average 99% fixed kernel home range of adult porcupine in the study 
area was found to be x‾  =87.41 ha (SE=10.05, n=12). The 99% fixed kernel home ranges of males 
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(x‾  =103.94 ha, SE=20.87, n=4) were slightly larger than females (x‾  =79.14 ha, SE=10.74, n=8). 
These 12 home ranges were used to generate five RSF models to represent porcupine selection at 
the third order (Table 4). The most parsimonious model included four habitat covariates (Table 
5). The variance in the intercept between individuals was accounted for with the inclusion of a 
random intercept.  This model showed strong predictive capacity with a Spearman rank 
correlation of 0.81 (SE=0.03) across five cross-validation samples (Fig. 5). As the distance to 
permanent water increased the relative probability of porcupine use decreased (β=-2.25, 
SE=0.247). The relative probability of porcupine use was positive in areas dominated by woody 
and herbaceous wetlands (β = 0.23, SE=0.052, β = 0.20, SE=0.053 respectively). The relative 
probability of porcupine use was also positive for areas dominated by shrubs (β = 0.18, 
SE=0.044).  The effect of each standardized habitat covariate on selection was ranked as follows: 
distance to water, woody wetland, herbaceous wetland, and shrubland. Relative probability of 
use across the landscape was generated using this model (Fig. 6). 
Table 4. Change in Akaike’s Information Criterion scores (∆AICc), AICc weights (w), and 
number of model parameters for a priori models developed for porcupine of western Montana 
during the summer of 2007 and 2008 at the third order, within home range scale. 
 
 
Model         k ∆AICc  AICcw   
 
HERB_WET+WOOD_WET+SHRUB+DIST_WA    4 0  0.34 
 
HERB_WET+WOOD_WET+SHRUB+EVERGREEN+DIST_WA  5 0.45  0.27 
 
HERB_WET+WOOD_WET+PASTURE+SHRUB+DIST_WA  5 1.57  0.15 
 
HERB_WET+WOOD_WET+PASTURE+SHRUB+GREEN+DIST_WA 6 1.87  0.13 
 
HERB_WET+WOOD_WET+FALLOW+PASTURE+SHRUB  7 2.27  0.11 
+GREEN+DIST_WA    
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Table 5. Coefficients, standard errors, pseudo r2, Spearman’s rank correlation (Rho) and its 
standard error for the most parsimonious resource selection function for porcupine selection in 
the Bitterroot Valley, Montana during the summer of 2007 and 2008 at the third order. 
 
 
Variable  β coefficient  SE     Pseudo r
2 
    Rho  SE 
 
HERB_WET  0.20   0.053  0.098  0.810  0.033 
WOOD_WET  0.23   0.052 
SHRUB   0.18   0.044 
DIST_WA  -2.25   0.247 
 
 
 
              
Figure 5. Area adjusted frequency of categories (bins) of resource selection function scores of 
withheld porcupine locations for third order resource selection function for the Bitterroot Valley, 
Montana during the summer of 2007 and 2008. Values for individual cross-validation sets (n=5) 
are depicted with unique colors and symbols. A Spearman rank correlation for mean values 
(0.81+0.033) indicates the model predicted cross-validated use locations well. 
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Figure 6. Relative predicted probability of occurrence of porcupine in the Bitterroot Valley, 
Montana during the summer of 2007 and 2008. These relative probabilites are based on third 
order resource selection functions. 
 
Fourth Order Resource Selection 
 Two hundred and seventy five locations with paired random locations were used to test 
nine RSF models to represent fourth order selection (Table 6). It was assumed that resting trees 
are also used as forage sites, which is most often the case. This is similar to methods used by 
Morin et al. (2005).  The most parsimonious model included five habitat covariates (Table 7). 
This model showed weak measure of predictive capacity with a Spearman rank correlation of 
0.19 (SE=0.193) across five cross-validation samples (Fig. 7). The relative probability of 
porcupine use was negative in areas dominated by quaking aspen and grasslands (β=-2.41, 
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SE=189.665, β=-0.89, SE=0.225 respectively). The relative probability of porcupine use was 
positive for areas dominated by cottonwood, hawthorn, and willow (β=0.81, SE=0.166, β=0.70, 
SE=0.169, β=0.16, SE=0.159 respectively). The effect of each standardized variable on selection 
is ranked as follows: grasslands, cottonwood, hawthorn, and willow. 
 
Table 6. Change in Akaike’s Information Criterion scores (∆AICc), AICc weights (w), and 
number of model parameters for a priori models developed for porcupine of western Montana 
during the summer of 2007 and 2008 at the fourth order. 
 
Model         k ∆AICc  AICcw   
HAW+COTTON+WILLOW+GRASS+ASPEN    5 0  0.68 
HAW+COTTON+WILLOW+PINE+GRASS+ASPEN   6 1.99  0.25 
HAW+COTTON+WILLOW+GRASS     4 5.49  0.04 
HAW+COTTON+WILLOW+PINE+GRASS    5 7.17  0.02 
HAW+COTTON+WILLOW+PINE     4 19.35  0.00 
HAW+COTTON+WILLOW+ASPEN     4 19.40  0.00 
HAW+COTTON+WILLOW      3 22.95  0.00 
HAW+COTTON        2 47.15  0.00 
COTTON+WILLOW       2 93.24  0.00 
HAW+WILLOW        2 140.01  0.00 
 
Table 7. Coefficients, standard errors, pseudo r2, Spearman’s rank correlation (Rho) and its 
standard error for the most parsimonious resource selection function for porcupine selection in 
the Bitterroot Valley, Montana during the summers of 2007 and 2008 at the fourth order. 
 
 
Variable  β coefficient  SE     Pseudo r
2 
    Rho  SE 
 
HAW   0.70   0.169  0.498  0.19  0.193 
COTTON  0.81   0.166 
WILLOW  0.16   0.159 
ASPEN   -2.41   189.665 
GRASS   -0.89   0.225 
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Figure 7. Area adjusted frequency of categories (bins) of resource selection function scores of 
withheld porcupine locations for fourth order resource selection function for species used within 
the selected stand in the Bitterroot Valley, Montana during the summers of 2007 and 2008. 
Values for individual cross-validation sets (n=5) are depicted with unique colors and symbols. A 
Spearman rank correlation for mean values (0.19+0.19) indicates the model did not predict cross-
validated use locations very well. 
 
DISCUSSION  
I hypothesized that porcupines would not be selective at the second order as would be 
expected of a generalist species as is found in the porcupine literature (Griesemer et al. 1998, 
Morin et al. 2005). This was not supported by my results were porcupines where found to be 
selective at the second order selecting home range area significantly different to the proportion of 
habitat available to them. Our results showed porcupines were strongly avoiding high elevations 
as this covariate was the largest driver of porcupine selection in our most parsimonious RSF 
model. This was not surprising because forage species often sought by porcupine in our study, 
such as cottonwood and hawthorn communities are more often found in low elevation valley 
bottoms. Unexpectedly, the selection against grasslands by porcupine was the next most 
 
29 
 
influential driver of selection at the second order, which was contrary to our first impressions 
that selection would be largely driven by the selection of areas dominated by preferred forage 
species. Grasslands lack cover and porcupines maybe at a greater predation risk when venturing 
into these open habitats (Sweitzer 1996). As expected, porcupines were selective for areas 
dominated by their preferred forage species in this study, specifically wooded and herbaceous 
emergent wetlands.  Porcupine selected areas dominated by pasture planted with hay as well as 
those dominated by mixed forests, although these were the least influential drivers of selection. 
 Previous efforts to quantify second order selection of porcupines in Parc National du 
Bic, Quebec, Canada showed no significant difference between the habitat composition selected 
and the proportion available within the landscape using modified Aebisher methods (Morin et al. 
2005).  Selection in this area may not be apparent due to the abundance of lower elevations and 
deciduous communities (preferred forage) available to the population. In western Montana the 
porcupine populations inhabit landscapes with a larger amount of high elevations as well as 
limited deciduous communities. 
The data used to model second order selection was collected through convenience 
sampling and a distance to highway variable was included in each model to keep the effect of 
convenience sampling constant. No change in the direction of selection was found between the 
top model analysis with the entirety of the dataset and the analysis with only the higher elevation 
sightings. Elevation was found to be the predominant driver of porcupine selection at the second 
order. 
Porcupine selection patterns supported our hypothesis that porcupines were selective at 
the third order and prefer areas dominated by deciduous species.  The largest driver of selection 
at the third order was shown to be the distance to permanent water source where deciduous 
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communities are prominent in western Montana. Selection for areas closer to permanent water at 
this scale may also be playing a role of the selection of lower elevations at the second order, as 
permanent water sources in Montana are often found in lower elevations and in valley bottoms. 
Selection for areas closer to permanent water sources may be driven by the selection for areas 
dominated by wooded and herbaceous emergent wetlands. The wooded and herbaceous wetlands 
in these areas were dominated by cottonwood and hawthorn communities, the preferred forage 
and roosting species for porcupine in this study.  Porcupines were also shown to select shrubland 
areas although this covariate had the least effect on selection.  
Previous efforts to quantify third order selection in Parc National du Bic, Quebec, Canada 
found porcupines tended to select for quaking aspen, deciduous and mixed forest (Morin et al. 
2005). Other studies analyzing selection at the third order found porcupines to be selective for 
aspen and mixed forest as well as mixed conifer and pine grass communities in Wyoming and 
Oregon respectively (Smith 1982; Band 1996). In Massachusetts a study quantifying third order 
selection found porcupines to be unselective (Griesemer et al. 1998). In contrast to this last study 
our findings support porcupine selection at the third order as would be seen in a selective 
species. It is important to note that all of the previous studies looking at third order selection that 
found porcupines to be selective were conducted in the western portion of North America while 
the one study that found porcupines to be unselective was conducted in the eastern portion. In 
western North America deciduous communities are far less abundant than is found in eastern 
North America. Porcupines inhabiting home ranges with an abundance of preferred forage, as is 
found in deciduous communities, may not be selective. While individuals inhabiting areas with 
limited amounts of preferred forage may exhibit more selective tendencies. 
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 Again my hypothesis was supported that porcupines are selective at the fourth order 
exhibiting traits of a specialist species. The hypothesis that fourth order selection is driven 
primarily by the selection of areas dominated by deciduous species was also supported as the 
most parsimonious RSF model at the fourth order found selection to be primarily driven by the 
presence of cottonwood and hawthorn species. The avoidance of grass at this scale also became a 
driver of selection at this level. Previous studies of fourth order selection have also shown 
porcupines to be selective for deciduous tree species specifically aspen and fruit trees (Morin et 
al. 2005).  
 The results showed that porcupines are selective at the second, third, and fourth order. 
This contradicts previous assumptions that porcupines are generalist species at the population 
level (Roze 1989; Snyder and Linhart 1997). Porcupines in this study were selective across all 
scales contradicting our hypothesis that they are not selective at the second order. Our findings 
support an alternative paradigm that within this study area porcupines are not generalists at these 
scales but are instead specialists across the board. Limited amounts of water resources and in 
turn limited deciduous communities in western North America may drive porcupine populations 
to be more selective. Porcupine populations in eastern North America inhabit areas with a much 
larger availability of water resources and deciduous communities allowing them to behave as a 
generalist. In western North America porcupines are required to be intimately tied to low 
elevation deciduous forests as they are a limited resource on the landscape. 
 It is important to note that as habitat selection by porcupines is quantified at finer scales it 
becomes harder to extrapolate the resulting data into new areas. This is exemplified within this 
study where larger scales (second order) have higher Spearman rank correlations and lower 
pseudo r
2
 and finer scale (fourth order) have higher pseudo r
2
 and lower Spearman rank 
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correlations (Figure 8). Spearman rank correlations quantify the ability to predict the selection of 
new individuals where pseudo r
2
 quantifies the ability to predict the dataset being modeled 
(Boyce et al. 2002). This is a reflection of the fact that at fine scales individual porcupines are 
more likely to have different preferences and exhibits different patterns of selection making new 
individuals harder to predict. When using these models to predict quality porcupine habitats in 
other western states the finest scale (fourth order) will not be as useful as more broad scales 
(second and third order). Variation in individual porcupine selection (fourth order) is too great to 
predict on broad scales and predictions made at that scale are only pertinent to the area from 
where they were extrapolated.  
 
Figure 8. Trade-off between Spearman rank correlation and pseudo r
2
 over the spatial scale of 
habitat selection by radio-collared porcupines (Erethizon dorsatum) in western Montana during 
the summer of 2007 and 2008.   
 
Home ranges quantified within the study area were larger than those reported in the 
literature (Craig and Keller 1986; Sweitzer 2003) with the exception of one study (Smith 1979). 
The minimum convex polygon (MCP) was used in northeastern Oregon and found an average 
home range of 71.83 ha (Smith 1979) which was much larger than the average of 47.69 (SE = 
10.96) ha found here. The MCP was also used by Craig and Keller (1986) in the Idaho scrub 
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desert where they found an average home range of 32.6 ha which was smaller than our average. 
Sweitzer (2003) found much smaller home ranges in the Great Basin desert using the MCP 
method (male x‾  =15.3 ha, SE=3.8, female x‾  =8.2 ha, SE=1.5). Our findings (male x‾  =65.99 ha, 
SE=25.33, female x‾  =38.53 ha SE=10.48) paralleled Sweitzer’s research (2003) in the fact that 
males had larger home ranges than females to both increase chances of breeding and to meet 
their increased metabolic requirements related to larger body size. Increased home range areas 
within this study site may be a reflection of the increased area required to meet the metabolic 
needs of the individuals within this population, and suggest that porcupines in our study area 
may be limited by forage quality compared to other study areas. Decreases in mean home range 
size for individuals in more productive habitats have been documented in urban black bear 
(Ursus americanus) populations (Beckmann and Berger 2003). In these cases individuals living 
in less productive habitats will have to cover more area to collect the equivalent amount of 
resources that an individual living in highly productive habitats will have to cover. 
 My hypothesis of no limiting factors at the second order was not supported in this study. 
Selection at this scale was largely driven by elevation and the presence of wooded and 
herbaceous wetlands. My predictions were supported at the third and fourth order where 
selection was found to be driven by the presence of wooded and herbaceous wetlands as well as 
cottonwood and hawthorn species respectively. These lower elevation wetland areas may be a 
limiting factor driving habitat availability for porcupines in the west. As western North America 
continues to experience cycles of drought and change in historic flood regimes, porcupines in 
these areas may continue to find suitable habitat to be scarce resulting in direct effects on fitness 
(Bartos 2001; Ripple and Beschta 2003; Williams and Cooper 2005). Deciduous communities in 
wetland areas will continue to act as a limiting factor to porcupines in western Montana as the 
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area experiences changes in historic flood regimes and climate change resulting in declines in 
deciduous species. The future of porcupine populations in these areas may depend on the future 
of the wetlands and the deciduous communities they support. 
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Appendix A. Porcupine sighting survey 
 
                                  
The University of Montana, in collaboration with Montana Fish, Wildlife, & Parks has begun a graduate 
project looking into the status of porcupine populations in western Montana.  In order to facilitate this 
project we are looking for information regarding recent sightings of porcupines or their sign on the 
western side of the state.   This information will be a great benefit to these research efforts.  For further 
information please contact Katie Mally via the contact information below. 
 
Location of sighting (e.g., milemarker; FS road): ________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 
 
GPS Coordinates if available: _______________________________________________ 
 
Approximate date of sighting: _______________________________________________ 
 
Habitat type: ____________________________________________________________ 
 
Description of sighting: ____________________________________________________ 
 
_______________________________________________________________________ 
 
_______________________________________________________________________ 
 
Additional information: ____________________________________________________ 
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Appendix B. Examples of public requests for porcupine sightings across western Montana. 
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Appendix C.  Raw data on observation of young with radio-collared females. One represents 
 females that were observed with young during that year’s field season. Zero represents females 
 who were not observed with young during that year’s field season. X represents females who 
  were not radio-collared during that year. 
 
 
 
 
 
 
 
 
 
 
 
Appendix D. Raw data on induced lactation of radio-collared females. One represents females  
who were lactating at the end of the field season (August 2008). Zero represents females who  
were not lactating at the end of the field season. X represents females who were not collared  
during the 2008 field season. 
 
Collar Number 2008 
68758 
68755 
68753 
68751 
68752 
68757 
68759 
68756 
X 
X 
X 
1 
0 
1 
1 
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Collar Number 2007 2008 
68758 
68755 
68753 
68751 
68752 
68757 
68759 
68756 
1 
0 
1 
1 
1 
X 
X 
X 
X 
X 
X 
1 
0 
1 
1 
1 
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Appendix E. Raw data and Kaplan-Meier staggered entry analysis used to calculate mortality 
rates for porcupines radio-collared in the Bitterroot Valley, Montana. 
 
 
Year 
Week 
(t) 
No. at 
risk (rj) 
No. 
Deaths 
(dj) 
No. 
Censored 
(cj) 
New 
Added 
(nj) 
Hazard 
(hj) 
Survival 
[Shat(t)] 
 
SE[Shat(t)] 
 
April 2007 1 2 0 0 2 0 1 0 
May 
2007 2 2 0 0 0 0 1 0 
2007 3 2 0 0 0 0 1 0 
2007 4 4 0 0 2 0 1 0 
2007 5 6 0 0 2 0 1 0 
June 
2007 6 7 0 0 1 0 1 0 
2007 7 7 0 0 0 0 1 0 
2007 8 7 0 0 0 0 1 0 
2007 9 7 0 0 0 0 1 0 
          
          
Jan 
2008 10 6 0 1 0 0 1 0 
2008 11 6 0 0 0 0 1 0 
2008 12 6 0 0 0 0 1 0 
2008 13 6 0 0 0 0 1 0 
Feb 
2008 14 5 1 0 0 0.2 0.8 0.16 
2008 15 5 0 0 0 0.2 0.8 0.16 
2008 16 5 0 0 0 0.2 0.8 0.16 
2008 17 5 0 0 0 0.2 0.8 0.16 
March 
2008 18 4 1 0 0 0.25 0.75 0.1875 
2008 19 4 0 0 0 0.25 0.75 0.1875 
2008 20 4 0 0 0 0.25 0.75 0.1875 
2008 21 3 1 0 0 0.33333 0.666667 0.22222222 
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Appendix F Reproduction and survival. 
 
Methods 
To estimate birth rate and survival of young to three months of age the area 
around female locations was combed to look for young.  Females who were located with 
young were assumed to have reproduced. During collar removal captured females were 
checked manually for evidence of lactation to indicate the presence of nursing young.  If 
lactation was not apparent 1mL of oxytocin was administered intramuscularly to induce 
lactation and the female was checked again.  If no milk was expressed after three minutes 
another dose was administered.  If lactation was absent it was assumed that the female 
either did not have young that year or her young had died at least three days prior to 
capture (Hale and Fuller 1996). 
The minimum birth rate will be expressed as the proportion of marked females 
that are known to have produced offspring through juvenile sighting or manual 
expression of lactation within the marked population (Hale and Fuller 1996).  The 
minimum survival rate for juveniles to three months will be defined as the proportion of 
marked females lactating after August 1 (Hale and Fuller 1996).   
Radio signals were monitored on a regular basis for mortality signals. When a 
mortality signal occurred, the animal was located and a necropsy was performed.Survival 
was estimated using a staggered entry Kaplan-Meier formula (Pollock et al. 1989): 
Ŝ(t1) = (1 – d1/r1)    
 Ŝ(t2)= (1 – d1/r1)(1-d2/r2) 
 In these equations S(t) represents the probability of an animal in the population 
surviving “t” units of time.  The number of animals at risk up until that point is 
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represented by “r” and the number of deaths up to the same point is represented by “d”.  
This formula allows for individuals to be added to the population at different times 
throughout the study.  Newly tagged animals are assumed to have the same survival 
function as the animals that have been previously tagged (Pollock et al. 1989).  Only 
porcupines that had been collared for greater than one week were included in this 
analysis. 
Results 
 Four of the five females collared during the 2007 field season were observed with 
young. Unfortunately female capture to check for lactation was delayed due to increased 
occurrence of previously trapped individuals crawling over the trap and escaping during 
the first field season. As a result of these complications attempts to capture females to 
check for lactation were abandoned during the first field season as a precaution to avoid 
fetus abortions induced by the injection of Oxytocin (Roze 1989). Due to the lack of 
lactation data during the first field season we were unable to determine if the first years’ 
young survived through the entirety of the field season. Four of the five females that were 
collared during the 2008 field season were observed with young. Each of these females 
was successfully trapped at the end of the field season (August) and checked for 
lactation. Four of the five females trapped were actively lactating and therefore had 
offspring that had survived approximately to four months. Two females were collared 
consecutively through the 2007 and 2008 field season. Of these two females only one 
successfully reproduced during both field seasons while the other was only successful 
during one. Inference drawn from these reproductive rates is limited due to the small 
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sample size used in the calculations. The data used to calculate these rates are included in 
their entirety in the appendix (Appendix C and D).  
 Three (1M, 2F) mortalities were documented throughout the study. Necropsies of 
these mortalities revealed that two of these mortalities were the result of starvation. The 
remaining mortality was the result of a neighboring private golf course’s attempt to 
mitigate the effects of porcupine foraging through pest control services.  No mortalities 
were associated with the trapping and handling of individuals. Using Kaplan Meier 
staggered entry methods, annual survival rates for adult porcupine were estimated to be 
0.66 (SE=0.220, 12-month period) (Fig. 9). The highest rate of mortality overall was 
attributed to starvation (0.5, SE=0.18). Inference drawn from these mortality rates is 
limited due to the small sample size used in the calculations. The data used to calculate 
these rates are included in their entirety in the appendix (Appendix E). 
 
Figure 9. The Kaplan-Meier survival function, modified for staggered entry of 
individuals, for radio-collared porcupines within the Bitterroot Valley, Montana. 
 
Discussion 
 Due to the small sample size from which these reproductive rates were calculated 
it is important that any inference drawn from these results be used with caution. During 
both of the field seasons we found 80% of the females to have reproduced successfully. 
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During the final field season of this study we also found 80% of our females were able to 
successfully rear young that survived to three months. These results mirrored the 
reproductive rates found in several other studies (Hale and Fuller 1996; Isle and Hellgren 
2001; Sweitzer and Berger 1993).   
 Due to the small sample size from which these mortality rates were calculated it is 
important that any inference drawn from these results also be used with caution. As with 
several other studies this population incurred most of its mortalities through winter 
starvation (Griesemer et al. 1998; Hale and Fuller 1996; Sweitzer 1996). The winter diet 
of porcupine contains less than seven percent protein which does not meet the minimum 
of 15% found to be needed by rodents (Roze 1984; Wallach and Hoff 1982). While 
porcupines are on this nitrogen deficient diet in the winter they experience substantial 
loss of body mass and have high rates of starvation (Sweitzer and Berger 1993). Rates of 
starvation have also been found to increase with increased snow cover days as foraging 
becomes more difficult in snowy conditions and predation risk increases (Sweitzer 1996). 
 
 
